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The  aim  of  the study  was  to determine  the  feasibility  of using  a breath-holding  test in  assessing  the
sensitivity  of the  peripheral  chemoreﬂex  compared  with  the  single-breath  carbon  dioxide  test.
The  study  involved  48  healthy  volunteers  between  the  ages  of  18–29  years.  The  breath-holding  test
was  performed  followed  by  the  single-breath  carbon  dioxide  test on the  next  day.  A month  after  the  ﬁrst
tests,  these  tests  were  repeated  to evaluate  their  reproducibility
The  coefﬁcient  of  variability  in  the  single-breath  carbon  dioxide  test  ranged  from  0 to  32%  with  a  meaneripheral chemoreﬂex sensitivity
reath-holding test
ingle-breath carbon dioxide test
of  10  ± 7%. The mean  coefﬁcient  of variability  of  the  breath-holding  test  was  6 ± 4% (0–19%).
A  signiﬁcant  inverse  correlation  between  the  results  of the  two  tests  was  noted  following  analysis
(r  =  −0.82,  p  <  0.05).
Conclusion:  A breath-holding  test  after deep inspiration  reﬂects  the  sensitivity  of  the  peripheral  chemore-
ﬂex  as  deﬁned  by the  single-breath  carbon  dioxide  test  in  healthy  subjects.
© 2016  The  Authors.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY  license. Introduction
The role of the sensitivity of the peripheral chemoreﬂex in the
athogenesis of various conditions has garnered much attention in
ecent years. A signiﬁcant increase in the sensitivity of the periph-
ral chemoreﬂex was noted in severe chronic heart failure, arterial
ypertension, and sleep apnoea syndrome (Kara et al., 2003). Mech-
nisms for increasing the sensitivity of this chemoreﬂex in chronic
eart failure were studied especially carefully in recent years due
o the fact that the degree of increase is directly correlated with the
everity of the cardiovascular disorder (Narkiewicz et al., 1999).
he pathogenesis of hypersensitivity of the peripheral chemore-
ex in severe forms of heart failure is complex and not yet fully
nderstood. The main mechanisms are thought to be the elevation
f angiotensin II, concomitant upregulation of the AT1 receptor in
he carotid bodies (Li et al., 2006), and an impairment of nitric oxide
roduction (Sun et al., 1999). Dysregulation of the effects of nitric
xide and angiotensin causes a change in the level of functioning
otassium channels responsible for sensitivity to hypoxic stimu-
us in the cells of the carotid glomus (Buckler et al., 2000; Fuller
t al., 2005). In patients with severe arterial hypertension the sen-
itivity of the peripheral chemoreﬂex is also increased (Kara et al.,
∗ Corresponding author.
E-mail address: nikitkax@mail.ru (N. Trembach).
ttp://dx.doi.org/10.1016/j.resp.2016.10.005
569-9048/© 2016 The Authors. Published by Elsevier B.V. This is an open access article u(http://creativecommons.org/licenses/by/4.0/).
2003), which is associated with morphological changes in the struc-
tures of the carotid glomus and decreased baroreﬂex sensitivity.
In recent literature, there is evidence of increasing the sensitivity
of peripheral chemoreceptors to hypoxic stimuli in patients with
chronic obstructive pulmonary disease and patients with chronic
kidney disease. However, the mechanism of this phenomenon has
not been studied.
Regardless of the reasons for increasing the sensitivity of the
peripheral chemoreceptors, increased afferent impulses from the
carotid glomus lead to a number of changes in the status of the
autonomic nervous system and regulation of the respiratory and
cardiovascular systems. The result is an increase in the tone of the
sympathetic nervous system and inhibition of the baroreﬂex regu-
lation of the cardiovascular system, which is the result of integrated
mechanisms of interaction between the baro- and chemoreﬂex.
The sensitivity of the arterial baroreﬂex is inversely proportional
to the sensitivity of the peripheral chemoreﬂex (Ponikowski et al.,
1997). Thus, in the progression of chronic diseases associated
with changes in the reﬂex regulation of the cardiorespiratory sys-
tem, there is reduced tolerance to changes in blood pressure and
increased risk of haemodynamic disturbances. Therefore, evaluat-
ing the sensitivity of the peripheral chemoreﬂex, we are able to
predict the likelihood of developing respiratory and cardiovascular
disorders during the treatment of these patients, disorders during
surgery under general anaesthesia, and predict the outcome of the
disease.
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. The reproducibility of the single-breath carbon dioxide test.0 N. Trembach, I. Zabolotskikh / Respiratory
The evaluation of the sensitivity of the peripheral chemoreﬂex
s traditionally associated with a hypoxic test (Cormack et al., 1957;
delman et al., 1973; Weil et al., 1970). However, persistent hypoxia
ccurs in these techniques, which can lead to respiratory depres-
ion due to central effects (Chua and Coats, 1995). Furthermore,
here is a potential risk of adverse incidents related to hypoxia,
specially in high-risk patients. The single-breath of carbon diox-
de method designed by (McClean et al., 1988) is an alternative
ethod of evaluating the sensitivity of the peripheral chemoreﬂex
nd is relatively safe when compared with hypoxic tests. However,
his method can also be associated with gas exchange disorders
nd requires complex equipment, limiting its application in routine
ractice.
Breath-holding after inhalation is an alternative method that
an potentially provide information on the status of reﬂex regula-
ion of the cardiorespiratory system. The duration of the voluntary
reath-holding depends on several factors, with the sensitivity of
he peripheral chemoreﬂex as the main factor.
The aim of the study was to determine the feasibility of a
reath-holding test in assessing the sensitivity of the peripheral
hemoreﬂex compared with a single-breath carbon dioxide test.
. Material and methods
The study involved 48 healthy volunteers between the ages
f 18–29 years (27 men, 21 women). No subjects had a history
f chronic respiratory or cardiovascular disease, alcohol abuse, or
moking. Before the study, all patients were weighed, the body
ass index was calculated, and respiratory function was  evaluated
sing spirometry (Table 1).
In all participants, the breath-holding test was performed in the
orning before breakfast. The single-breath carbon dioxide test
as performed the next day. A month after the ﬁrst tests, these
ests were repeated to evaluate their reproducibility. The study
as approved by the local ethics committee. All subjects provided
igned informed consent to both tests.
The single-breath carbon dioxide test was performed as follows.
he participant’s nose was  clamped using a soft grip. Breathing
hrough the mouth was monitored using a mouthpiece connected
o a pneumatic respiratory valve separating the inhaled gas mixture
rom exhaled. The inspiratory port was connected to a T-shaped
alve in such a way that ventilation is carried out either from a
ubber bag or a 2 L tank, which was ﬁlled after each inhalation
f the gas mixture containing 13% CO2 or atmospheric air. After
 brief period of quiet air breathing (approximately 5 min), in the
xpiratory phase the T-shaped valve was switched to breathing a
ixture with high CO2 content so that the next breath was  taken
sing this mixture. The valve was then switched to atmospheric air.
n average, 10 breaths of the hypercapnic mixture were taken with
ntervals of 2 min. Minute ventilation was determined from inspi-
ation to inspiration (Volumeter Blease, United Kingdom). The CO2
raction in the exhaled mixture was measured using a sidestream
as analyser (Nihon Kohden, Japan). The average minute venti-
ation, calculated from the data of the last ﬁve breaths before
reathing the hypercapnic mixture as the control (MVc). Likewise,
he average FetCO2 was determined during these breaths and used
s the control FetCO2 (c). The ventilation response to a hypercap-
ic stimulus was determined as the average of the two highest
ates of MV (s) (the MV  during the ﬁrst 20 s after the stimulus were
xcluded to minimize the contribution of central chemoreception).
ost-stimulus FetCO2 (s) was also assessed during these cycles. The
entilation response to breathing a hypercapnic mixture was cal-
ulated by the formula: (MV  (s) – MV  (c))/((FetCO2 (s) – FetCO2
c)) × (Patm – 47)), where Patm represents the atmospheric pressure
n mmHg, and 47 is the saturated water vapour pressure in mmHg.Fig. 2. The reproducibility of the breath-holding test.
The median of all 10 episodes was  taken as the sensitivity of the
peripheral chemoreﬂex, expressed in L/min/mmHg.
The breath-holding test was  performed as follows: voluntary
breath-holding duration was assessed three times, with 10 min
intervals. After inspiration of a volume equal to 2/3 of the vital lung
capacity, the participant was asked to hold their breath and the
duration of voluntary apnoea was measured from the beginning of
the voluntary inspiration until reﬂex contractions of the diaphragm
were noted by palpation. A mean value of the duration of the three
samples was  calculated.
Normally distributed data are presented as mean ± standard
deviation and non-normally distributed data as median (25th–75th
percentile). To assess the relationship between the two methods,
correlational analysis was  performed. The coefﬁcient of variation
was also calculated to assess the reproducibility of the tests. The
independent t-test was used to compare coefﬁcients of variation.
3. Results
The average sensitivity of the peripheral chemoreﬂex
measured with the single-breath carbon dioxide test was
0.35 ± 0.10 L/min/mmHg. The average breath-holding duration
was 53 ± 10 s.
There was  a positive correlation between participant height and
the single-breath carbon dioxide test result (r = 0.47, p < 0.05). No
correlation was  found between this test and other characteristics.
We also found a positive correlation between the breath-holding
duration and vital lung capacity (r = 0.64, p < 0.05).
The reproducibility of the test is shown in Figs. 1 and 2.
The average sensitivity of the peripheral chemoreﬂex mea-
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Table  1
Characteristics of the test subjects.
Number of subjects Age, years Weight, kg Height, cm FEV1
(% predicted)
VLC
(% predicted)
48 (27 men) 27 ± 5 72 ± 4 
FEV1–forced expiratory volume, VLC – vital lung capacity. Data are presented as mean ± s
s
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tFig. 3. Correlation between two tests.
ured with the second single-breath carbon dioxide test was
.37 ± 0.10 L/min/mmHg. The average breath-holding duration was
2 ± 11 s The coefﬁcient of variability in the single-breath carbon
ioxide test ranged from 0 to 32% with a mean of 10 ± 7%. The coef-
cient of variability of the breath-holding test ranged from 0 to 19%
ith a mean of 6 ± 4% (p< 0.05).
During the correlation analysis a strong inverse correlation
etween the results of the two test paradigms was noted (-
.82, R2 = 0,68, p < 0.05) (see Fig. 3). Linear correlation equation is
 = −0.00792 x + 0.7726.
. Discussion
The results of repeated measurements indicate that both tests
re reproducible, but that the results of the breath-holding test
ere signiﬁcantly more reproducible. The single-breath carbon
ioxide test was less reliable based on this parameter, but was
lso reproducible with a coefﬁcient of variation of 10 ± 7%. Chua
nd Coats (1995) reported a 17.7% variability in this test’s results
Chua and Coats, 1995), while McClean et al. (1988) recorded a 25%
oefﬁcient of variation in their work. However, it should be noted
hat these tests were performed in subjects of different ages (under
3 years), with the highest variability observed in older patients
McClean et al., 1988). Martinez (2008) studied the single-breath
arbon dioxide test in older people and found a coefﬁcient of vari-
tion of 36%. A study in patients with chronic heart failure (Maestri
t al., 2013) identiﬁed the variability of this test as 20%. In gen-
ral, the reproducibility of the single-breath carbon dioxide test is
ower than the breath-holding test, which may  be due to its greater
echnical complexity.
The correlation between the single-breath carbon dioxide test
esult and participant height observed in our study was  consis-
ent with the results obtained by Chua and Coats (1995), who also
ound a similar, albeit non-signiﬁcant, relationship. This difference
ay  be due to the fact that fewer subjects were involved in the
revious study, potentially affecting the result. The results of our
tudy demonstrated a positive correlation between the duration of
reath-holding and vital lung capacity, which correlates with pre-
iously obtained data regarding the inﬂuence of lung volume on
he duration of breath-holding (Whitelaw et al., 1987).169 ± 7 98 ± 4 102 ± 3
tandard deviation.
Our results show a strong inverse correlation between the
results of two  tests. The duration of breath-holding after deep
inspiration is a function of several factors (Skow et al., 2015):
chemoreception, mechanoreception (light stretching receptors),
the impact of descending cortical respiratory drive, and a cog-
nitive component. Of these, the ﬁrst two  are involuntary but
the most important (Ilyukhina and Zabolotskikh, 2000; Parkes,
2006) The duration of breath-holding doubled during the breath-
ing of the hyperoxic mixture or pre-hyperventilation (Klocke and
Rahn, 1959). On the other hand, the breath-holding duration was
reduced under hypoxemic and hypercapnic conditions (Godfrey
and Campbell, 1969; Kelman and Wann, 1971). Given the above,
the duration of breath-holding depends not only on the sensitiv-
ity of the peripheral chemoreﬂex, but also on baseline blood gas
levels and metabolic rate, i.e. the rate of the gas exchange. Thus,
the correlation found in healthy people may  be somewhat differ-
ent in situations that affect these factors (e.g. obesity, lung disease,
hypothyroidism, hyperthyroidism, etc.). These situations and the
relationship between the two tests in such conditions require fur-
ther research.
5. Conclusion
A breath-holding test performed after a deep inspiration reﬂects
the sensitivity of the peripheral chemoreﬂex as deﬁned by the
single-breath carbon dioxide test in healthy subjects. Due  to its sim-
plicity, reproducibility, and safety, it can be used routinely. Further
studies are needed to determine the ability of this test in patholog-
ical conditions.
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